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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  improved 
plasma  processing  method  and  products  thereof. 
More  particularly,  but  not  exclusively,  it  relates  to  a 
method  of  adhering  a  protective  film  of  carbona- 
ceous  material  to  comparatively  soft  substrates  in 
order  to  provide  a  transparent  electrically  insulating 
coating  thereon. 

Hard,  thin  films  of  diamondlike  carbon  have 
been  deposited  on  substrates  in  a  number  of  ways. 
By  "diamondlike  carbon"  is  meant  carbon  with 
exceptional  hardness,  e.g.  which  can  neither  be  cut 
with  a  razor  blade  nor  scratched  by  rubbing  with 
steel  wool.  The  chemical  bonding  of  such  diamond- 
like  carbon  appears  to  be  dominated  by  sp3 
tetrahedral  diamondlike  bonding  as  opposed  to  the 
sp2  triagonal  bonding  of  graphite.  Diamondlike  car- 
bon  films  may  or  may  not  give  evidence  of  crystal- 
linity  under  x-ray  analysis. 

EP-A-01  75980  describes  a  diamond  like  car- 
bon  coating  in  which  a  fluorocarbon  gas  may  op- 
tionally  be  present  during  the  carbon  deposition. 

EP-A-01  66708  describes  deposition  of  a  car- 
bon  layer  over  an  intermediate  layer,  which  may  be 
a  noble  metal  or  alternatively  a  carbide,  nitride, 
oxide  or  other  ceramic. 

Japanese  Patent  Application  No.  Sho  56- 
146936  describes  a  process  in  which  carbon  depo- 
sition  is  carried  out  with  the  deposited  carbon  ma- 
terial  being  subjected  to  attack  by  accelerated  ions 
at  the  same  time  so  that  soft  portions  of  the  depos- 
ited  material  are  selectively  removed  to  leave  com- 
paratively  hard  material.  This  technique  is  excellent 
for  increasing  the  hardness  of  the  carbon  film  thus 
deposited.  The  carbon  being  deposited,  however, 
tends  to  penetrate  into  the  underlying  substrate. 
Figs.  1(A)  and  1(B)  of  the  accompanying  drawings 
show  an  example.  A  carbon  film  2  was  deposited 
on  a  Si  substrate  3  by  chemical  vapor  reaction. 
The  substrate  was  then  subjected  to  Auger  analy- 
sis  in  order  to  investigate  the  distribution  of  carbon 
atoms  and  Si  atoms  in  the  depth  direction  and  it 
was  found  that  a  mixture  of  silicon  and  carbon  was 
formed  at  the  interface  between  the  substrate  3 
and  the  carbon  film  2  as  shown  in  Fig.  1(B).  The 
silicon  carbon  mixture  is  relatively  soft  and  tends  to 
increase  the  likelihood  of  the  carbon  film  coming 
off  the  underlying  substrate,  particularly  when  the 
carbon  film  is  relatively  thick. 

Furthermore,  when  fluorine  is  desired  to  be 
introduced  into  carbon  films  in  order  to  control  their 
transparency  and/or  resistivity,  the  underlying  sur- 
face  to  be  coated  has  traditionally  been  exposed  to 
caustic  fluorine  gas  during  the  deposition  process 
and  may  consequently  be  damaged. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  proposes  that  a  nitride 
film,  such  as  a  silicon  nitride  film  for  example,  be 

5  deposited  on  the  underlying  surface  to  be  coated 
in  advance  of  the  deposition  of  a  carbonaceous  film 
which  includes  fluorine. 

The  provisions  first  of  a  silicon  nitride  film 
functions  to  protect  the  underlying  surface  from 

io  undesirable  caustic  action  of  fluorine  during  deposi- 
tion  of  the  carbonaceous  film. 

The  use  of  a  fluorine  compound  gas  together 
with  a  carbonaceous  gas  in  the  deposition  of  a 
carbonaceous  film  by  a  CVD  process  is  provided  in 

75  one  embodiment.  This  is  particularly  desirable 
when  for  example  the  external  surfaces  of  the 
windows  of  a  vehicle  are  required  to  be  coated  with 
abrasion-proof  hard  carbonaceous  films. 

In  accordance  with  another  aspect  of  the 
20  present  invention,  carbonaceous  films  can  be  se- 

lectively  deposited  on  a  predetermined  surface 
portion  by  pretreatment  of  the  predetermined  por- 
tion.  The  pretreatment  is  to  form  a  number  of  fine 
scratches  on  the  surface  portion.  Diamond  can  then 

25  be  selectively  grown  on  the  scratched  surface. 
Scratching  can  be  performed,  for  example,  by 
coating  areas  of  the  substrate  that  are  not  to  be 
treated  with  a  mask,  then  dipping  the  substrate  in  a 
fluid  in  which  there  are  dispersed  hard  fine  par- 

30  tides  such  as  diamond  particles  or  carborundum 
particles,  and  applying  ultrasonic  vibrations  to  the 
dispersion. 

Further  features  of  the  invention  are  set  forth  in 
the  appended  claims  and,  together  with  the  fea- 

35  tures  abovementioned,  will  become  clearly  under- 
stood  from  consideration  of  the  following  detailed 
description  of  exemplary  embodiments  that  is  giv- 
en  with  reference  to  the  accompanying  drawings. 

40  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(A)  and  1(B)  are  graphical  showings  of 
the  depth  of  penetration  of  carbon  atoms  into  an 
underlying  silicon  substrate  in  a  prior  art  deposi- 

45  tion  process; 
Fig.  2  is  a  schematic  cross-sectional  diagram 
showing  a  plasma  CVD  apparatus  in  accordance 
with  one  embodiment  of  the  present  invention; 
Fig.  3  is  a  graphical  diagram  showing  the  pene- 

50  tration  of  carbon  atoms  into  an  underlying  silicon 
substrate  in  accordance  with  the  present  inven- 
tion; 
Figs  4(A)  and  4(B)  are  cross-sectional  views 
showing  a  printing  drum  for  a  copying  machine 

55  which  has  been  coated  with  a  carbonaceous 
protective  film  in  accordance  with  the  present 
invention; 
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Figs.  5(A)  and  5(B)  are  vertical  and  horizontal 
cross-sectional  views  showing  a  window  glass 
for  motor  cars  which  has  been  coated  with  a 
carbonaceous  protective  film  in  accordance  with 
the  present  invention;  and 
Fig.  5(C)  is  a  schematic  cross-sectional  view 
showing  a  modification  of  the  embodiment 
shown  in  Figs.  5(A)  and  5(B); 
Fig.  6  is  a  schematic  cross-sectional  diagram 
showing  a  microwave  assisted  CVD  apparatus  in 
accordance  with  one  embodiment  of  the  present 
invention;  and 
Figs.  7(A)  through  7(C)  are  cross-sectional  views 
showing  a  process  in  accordance  with  the 
present  invention  for  forming  a  carbonaceous 
film  coating  on  a  tool  bit. 

DETAILED  DESCRIPTION  OF  THE  EMBODI- 
MENTS 

Referring  now  to  Fig.  2,  a  chemical  vapor  de- 
position  apparatus  is  illustrated.  The  apparatus 
comprises  a  vacuum  chamber  7  defining  a  deposi- 
tion  space  therein,  an  evacuation  system  25  com- 
prising  a  rotary  pump  23  and  a  turbo  molecular 
pump  22  which  are  connected  to  the  chamber  7 
through  a  valve  21  ,  a  gas  supply  system  30  com- 
prising  six  gas  feeding  lines,  each  being  provided 
with  a  flow  meter  29  and  a  valve  28  connected  to 
the  reaction  chamber  7,  a  pair  of  mesh  electrodes 
3-1  and  3-2  made  of  aluminium  and  located  at 
upper  and  lower  positions  inside  of  the  deposition 
space,  a  power  supply  40  for  supplying  energy  to 
the  mesh  electrodes  3-1  and  3-2,  a  plurality  of 
substrate  holders  20  for  holding  substrates  1,  the 
holders  20  being  connected  to  the  chamber  7 
through  capacitors  19,  a  plurality  of  A1  mesh  elec- 
trodes  50  (13-n,  13'-n)  interposed  between  adjacent 
substrates  and  outside  of  the  first  and  last  sub- 
strates,  and  a  bias  voltage  applying  means  17  for 
applying  an  AC  voltage  between  adjacent  ones  of 
the  electrodes  50.  The  reaction  chamber  7  is  pro- 
vided  with  a  gate  valve  9  through  which  substrates 
to  be  coated  may  be  disposed  in  the  chamber. 

The  energy  supply  40  comprises  a  first  power 
source  15-1  which  supplies  an  AC  voltage  to  the 
mesh  electrode  3-1  through  a  matching  device  16- 
1  comprising  an  LCR  circuit,  a  second  power 
source  15-2  which  supplies  an  AC  voltage  to  the 
mesh  electrode  3-2  through  a  matching  device  16- 
2  comprising  an  LCR  circuit,  and  a  phase  adjuster 
26  connected  between  the  first  and  second  power 
sources  15-1  and  15-2.  Both  the  first  and  second 
power  sources  are  grounded  at  terminals  5-1  and 
5-2.  The  bias  applying  device  17  is  provided  with 
first  and  second  AC  voltage  sources  17-1  and  17-2, 
which  supply  AC  voltages  between  adjacent  elec- 
trodes  13-n  and  13'-n.  One  terminal  of  each  of  the 

voltage  sources  17-1  and  17-2  is  grounded  at  5-3. 
In  operation,  after  evacuating  the  chamber  7,  a 

reactive  gas  is  introduced  into  the  deposition  space 
8  at  a  pressure  of  from  0.133  to  133  Pa  (from 

5  0.001  to  1  Torr)  in  order  to  deposit  silicon  nitride 
film  on  the  substrate.  For  example,  the  reactive  gas 
may  consist  of  a  silane  such  as  disilane  (Si2HG) 
and  NH3  in  the  ratio  of  from  1:10  to  10:1,  prefer- 
ably  from  1:10  to  3:10  and  may  be  introduced  so 

io  that  the  total  pressure  in  the  reaction  chamber  7 
becomes  from  0.133  to  133  Pa  (from  0.001  Torr  to 
1.0  Torr),  e.g.  6.65  Pa  (0.05  Torr).  The  temperature 
in  the  deposition  space  is  no  higher  than  150°C, 
e.g.  room  temperature  without  heating.  High  fre- 

15  quency  alternating  voltages  of  from  1  MHz  to  100 
MHz,  e.g.  13.56  MHz,  are  applied  to  the  mesh 
electrodes  3-1  and  3-2  from  the  first  and  second 
power  sources  15-1  and  15-2.  The  phase  differ- 
ence  between  these  high  frequency  voltages  is 

20  adjusted  to  be  180°  +-30°  by  means  of  the 
phase  adjuster  26.  Alternatively,  the  frequency  of 
one  of  these  voltages  may  be  adjusted  to  be  an 
integral  multiple  of  that  of  the  other.  By  virtue  of 
the  injection  of  such  high  frequency  electric  energy 

25  into  the  plasma  chamber,  the  reactive  gas  is  con- 
verted  into  a  plasma  state  and  silicon  nitride 
(Si3N4_x;  0<  x<4)  is  deposited  onto  the  sub- 
strates.  The  thickness  of  the  deposited  films  may 
be  from  0.01  to  0.1  micrometers.  Optionally,  at  the 

30  same  time,  an  AC  voltage  may  be  applied  between 
adjacent  electrodes  13-n  and  13'-n  in  order  to 
induce  an  electric  field  normal  to  each  substrate. 
The  frequency  of  the  AC  voltage  between  the  elec- 
trodes  13-n  and  13-n'  is  selected  to  be  in  the  range 

35  of  from  10  Hz  to  100  kHz,  e.g.,  50  Hz.  At  such 
comparatively  low  frequencies,  plasma  ions  can 
follow  the  electric  field  and  bombard  the  substrate 
surfaces  on  which  carbon  deposition  is  being  car- 
ried  out.  This  low  frequency  AC  voltage  causes  a 

40  self-bias  voltage  of  from  -50V  to  -600V. 
Next,  after  the  completion  of  the  silicon  nitride 

deposition,  a  carbon  compound  gas  is  introduced 
into  the  deposition  space  8  at  a  pressure  of  from 
0.133  to  133  Pa  (from  0.001  to  1  Torr).  For  exam- 

45  pie,  the  carbon  compound  gas  consists  of  C2FG 
and  C2H4  in  the  ratio  of  from  1:4  to  4:1,  e.g.  1:1, 
and  may  be  introduced  so  that  the  pressure  in  the 
reaction  chamber  7  becomes  66.5  Pa  (0.5  Torr). 
The  transparency  and  resistivity  of  the  carbon  ma- 

50  terial  that  is  deposited  can  be  controlled  by  chang- 
ing  the  amount  of  fluorine  contained  in  the  carbon 
material  through  adjustment  of  the  introduction  rate 
of  C2FG  relative  to  C2H4.  The  temperature  in  the 
deposition  space  is  no  higher  than  150°C.  High 

55  frequency  alternating  voltages  of  from  1  MHz  to 
100  MHz,  e.g.  13.56  Mhz,  are  applied  to  the  mesh 
electrodes  3-1  and  3-2  from  the  first  and  second 
power  sources  15-1  and  15-2.  The  phase  differ- 
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ence  between  these  high  frequency  voltages  is 
adjusted  to  be  180°  +  30°  by  means  of  the 
phase  adjuster  26.  By  virtue  of  the  injection  of  such 
high  frequency  electric  energy  into  the  plasma 
chamber,  the  carbon  compound  gas  is  converted 
into  a  plasma  state  and  carbon  deposition  onto  the 
substrates  occurs.  The  deposition  rate  is  from  10  to 
100  nm/min  (100  to  1000A/min).  The  thickness  of 
the  deposited  carbon  films  may  be  from  0.1  to  8 
micrometers  on  flat  surfaces  and  from  1  to  3  mi- 
crometers  on  uneven  surfaces.  At  the  same  time, 
an  AC  voltage  is  applied  between  adjacent  elec- 
trodes  13-n  and  13'-n  in  order  to  induce  an  electric 
field  normal  to  each  substrate.  The  frequency  of 
the  AC  voltage  between  the  electrodes  13-n  and 
13-n'  is  selected  to  be  in  the  range  of  from  10  Hz 
to  100  kHz,  e.g.,  50  Hz.  At  such  comparatively  low 
frequencies,  plasma  ions  can  follow  the  electric 
field  and  bombard  the  substrate  surfaces  on  which 
carbon  deposition  is  being  carried  out.  As  a  result, 
softer  deposited  materials  are  removed  so  that  the 
hardness  of  the  carbon  material  that  remains  is 
relatively  high,  e.g.  700  to  5000  kg/mm2.  The  re- 
sistivity  of  the  carbon  is  for  example  from  1  x  10s 
to  5  x  1015  ohm  meter  (1  x  10G  to  5  x  1013  ohm 
centimetre)  typically  from  1  x  109  to  1  x  1013  ohm 
meter  (1  x  107  to  1  x  1011  ohm  centimetre).  The 
optical  energy  band  gap  is  no  narrower  than  1.0 
eV,  typically  1.5  to  5.5  eV.  The  carbon  material  is 
called  diamond  like  carbon.  The  carbon  material 
may  include  hydrogen  at  30  atom%  or  less.  It 
includes  fluorine,  for  example  at  0.3  to  10  atom%. 
Other  examples  of  carbon  compound  gases  are 
ethylene,  methane,  acetylene,  and  carbon  fluorides 
such  as  C2FG  and  C3F8,CHF3  and  CH2F2. 

Auger  analysis  was  performed  in  order  to  in- 
vestigate  the  composition  in  the  thickness  direction 
of  silicon  nitrogen  and  carbonaceous  films  depos- 
ited  in  accordance  with  the  present  invention.  As  a 
result,  a  graphical  diagram  shown  in  Fig.  3  was 
obtained.  As  may  be  seen  from  the  diagram,  car- 
bon  atoms  have  substantially  not  penetrated  into 
the  underlying  silicon  substrate  by  virtue  of  the  first 
deposited  silicon  nitride  film. 

Carbonaceous  films  containing  fluorine  in  ac- 
cordance  with  the  present  invention  were  coated  on 
several  substrates.  Figs.  4(A)  and  4(B)  are  horizon- 
tal  and  vertical  cross-sectional  views  showing  a 
printing  drum  for  a  copying  machine.  Numeral  1 
designates  an  A1  drum  coated  with  an  OPC  (or- 
ganic  photosensitive  conductor)  film.  A  silicon 
nitride  film  45-1  was  deposited  on  the  external 
surface  of  the  drum  to  a  thickness  of  from  0.01  to 
0.1  micrometer  in  the  same  manner  as  explained 
above.  A  carbonaceous  film  containing  fluorine  45- 
2  was  next  deposited  on  the  silicon  nitride  film  45-1 
also  in  the  same  manner  as  explained  above.  Op- 
tionally,  0.3  atom  %  to  10  atom  %  of  boron  or 

nitrogen  may  be  introduced  into  the  carbonaceous 
film  by  making  use  of  B2HG  or  NH3  during  carbon 
deposition.  Also,  instead  of  a  uniform  carbonaceous 
film  containing  fluorine,  a  dual  film  can  be  depos- 

5  ited  by  first  deposition  of  10  to  200nm  (100  to 
2000A)  by  use  of  ethylene  alone,  followed  by  de- 
position  by  use  of  a  reactive  gas  comprising  car- 
bon  and  fluorine  as  described  in  the  above. 

Figs.  5(A)  and  5(B)  are  horizontal  and  vertical 
10  cross  sectional  views  showing  a  curved  glass  or 

plastic  pane  1  to  be  fitted  in  the  front  window  of  a 
motor  car,  the  pane  1  being  coated  with  a  silicon 
nitride  film  45-1  and  a  carbonaceous  film  contain- 
ing  fluorine  45-2  of  from  0.1  to  8  micrometers  in 

15  accordance  with  the  present  invention.  The  whole 
surface  of  the  glass  pane  1  would  be  coated  with 
carbon  film  in  accordance  with  the  present  inven- 
tion.  This  film  can  be  coated  on  only  one  side  of 
the  pane.  In  this  case,  the  panes  treated  in  the 

20  apparatus  shown  in  Fig.  2  are  disposed  in  parallel 
with  each  other  in  order  to  make  pairs  as  illustrated 
in  Fig.  5C. 

The  deposition  chamber  may  be  cleaned  after 
deposition  by  introducing  an  etchant  gas  such  as 

25  oxygen  or  NF3  instead  of  the  reactive  gas.  Unnec- 
essary  carbonaceous  films  and  nitrogen  films  can 
be  removed  by  inputting  electric  energy  in  the 
same  manner  as  the  deposition  process  to  preform 
plasma  etching. 

30  It  is  possible  to  coat  only  a  selected  surface 
portion  of  a  substrate.  In  this  case,  the  selected 
surface  is  given  a  number  of  scratches  which  at- 
tract  species.  Referring  to  Fig.  6  and  to  Figs.  7(A) 
to  7(C),  a  method  of  selective  deposition  of  dia- 

35  mond  film  (which  may  also  be  employed  with  car- 
bonaceous  films  containing  fluorine  according  to 
the  present  invention)  will  be  illustrated.  A  micro- 
wave  assisted  CVD  apparatus  comprising  a  vacu- 
um  chamber  56,  a  vacuum  pump  59,  a  substrate 

40  holder  63  for  supporting  thereon  a  substrate  to  be 
coated,  the  holder  being  provided  with  a  tempera- 
ture  control  device  therein  (not  shown),  a  substrate 
location  adjustment  mechanism  62,  a  microwave 
generator  58  connected  to  the  vacuum  chamber  56 

45  through  an  insulator  66  and  a  quartz  window  65, 
Helmholtz  coils  57  surrounding  the  end  of  the 
vacuum  chamber  56,  and  a  gas  feeding  system  61  . 

Steel  tool  bits  54,  for  example,  are  placed  on 
the  holder  63.  The  distance  between  the  surfaces 

50  of  the  bits  54  and  the  window  65  is  adjusted  to  be 
150-250  mm  by  means  of  the  adjustment  mecha- 
nism  62.  After  evacuation,  a  reactive  gas  consisting 
of  Si2HG  and  HN3  is  introduced  into  the  vacuum 
chamber  at  from  100  Pa  to  10-2  Pa.  The  strength 

55  of  the  magnetic  field  at  the  surface  to  be  coated  is 
adjusted  to  0.22T  (2.2  K  Gauss).  Microwave  energy 
is  then  injected  into  the  chamber  from  the  gener- 
ator  58  at  50W  to  deposit  silicon  nitride  films  55  on 

5 
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the  bits  to  a  thickness  of  from  0.01  micrometer  to 
0.1  micrometer.  The  temperature  is  maintained  at  a 
temperature  not  lower  than  350  °C,  preferably  not 
lower  than  800  °C.  Higher  adhesivity  can  be  ex- 
pected  at  a  higher  temperature.  After  completing 
the  silicon  nitride  deposition,  the  bits  are  removed 
from  the  chamber  and  coated  with  a  mask  60 
made  from  a  photoresist,  the  mask  covering  only 
selected  surface  portions  as  shown  in  Fig.  6(B). 
The  bits  are  then  dipped  in  an  alcohol  in  which 
diamond  powder  comprising  fine  particles  of  1  mi- 
crometer  average  diameter  is  dispersed.  Ultrasonic 
vibrations  are  applied  to  the  dispersion  in  order  to 
form  a  number  of  scratches  on  the  surface  portions 
of  the  bits  that  are  free  of  the  masks.  The  masks 
are  then  removed  and  the  bits  are  disposed  again 
in  the  chamber.  Then,  a  vaporized  alcohol  is  input- 
ted  into  the  chamber  at  102  to  10-2  Pa,  e.g.  10  Pa, 
and  decomposed  by  microwave  energy  in  the 
same  manner  in  order  to  grow  diamond  film  to  a 
thickness  of  3  micrometers  at  90nm/min  (900 
A/min)  on  the  scratched  surfaces  as  shown  in  Fig. 
6(C).  The  alcohol  is  for  example  ethyl  alcohol, 
methyl  alcohol  or  propyl  alcohol.  The  hardness  of 
the  diamond  film  can  be  expected  to  be  not  lower 
than  5000  kg/mm2.  The  deviation  in  film  thickness 
is  within  +  10%  in  a  circular  area  of  100  mm 
diameter.  In  accordance  with  experiments  using 
ethyl  alcohol  introduced  at  40  SCCM  together  with 
hydrogen  (100  SCCM)  in  order  that  the  total  pres- 
sure  in  the  reaction  chamber  was  13  Pa,  it  was 
confirmed  that  the  carbon  structure  is  diamond 
structure  by  Raman  spectra  having  a  sharp  peak  at 
133,100m_1(1331  cm-1).  The  diamond  film  did  not 
come  off  the  underlying  surface  even  after  under- 
going  reliability  tests  involving  thermal  shock  be- 
tween  -10  °C  and  150°C.  The  experiment  was  re- 
peated  using  a  reactive  gas  consisting  of  methyl 
aluminium  and  ammonia  in  order  to  deposit  an 
aluminium  nitride  film.  The  nitride  film  then  was 
subjected  to  thermal  annealing  at  about  400  °  C. 

While  several  embodiments  have  been  specifi- 
cally  described  by  way  of  example,  it  is  to  be 
appreciated  that  the  present  invention  is  not  limited 
to  the  particular  examples  described  and  that  modi- 
fications  and  variations  can  be  made  without  de- 
parting  from  the  scope  of  the  invention  as  defined 
by  the  appended  claims.  For  example,  the  present 
invention  is  useful  when  front,  side  or  rear  windows 
or  side  mirrors  are  coated  with  carbon  protective 
films.  Although  in  the  above  embodiment  a  silicon 
nitride  film  is  formed  underlying  the  carbonaceous 
film  containing  fluorine,  other  nitride  films  can  be 
used  instead.  For  example,  titanium  nitride  film  can 
be  made  from  aluminium  nitride,  titanium  nitride  or 
boron  nitride. 

Claims 

1.  A  method  of  depositing  a  carbonaceous  film 
containing  Fluorine  onto  a  substrate,  in  which  a 

5  nitride  film  is  first  deposited  onto  the  substrate. 

2.  A  method  according  to  claim  1  comprising  the 
steps  of: 

disposing  said  substrate  in  a  reaction 
io  chamber; 

introducing  a  first  reactive  gas  comprising 
nitrogen  and  capable  of  producing  a  nitride  by 
chemical  vapor  reaction; 

inputting  energy  to  said  first  reactive  gas 
is  in  order  to  deposit  said  nitride  film  on  said 

substrate  through  said  chemical  vapor  reaction; 
introducing  a  second  reactive  gas  compris- 

ing  Carbon  and  Fluorine;  and 
inputting  energy  to  said  second  reactive 

20  gas  in  order  to  deposit  said  carbonaceous  film 
containing  fluorine  on  said  nitride  film. 

3.  The  method  of  claim  2  wherein  said  first  reac- 
tive  gas  comprises  nitrogen  and  silicon  and  is 

25  capable  of  producing  silicon  nitride  through 
chemical  vapor  reaction. 

4.  The  method  of  claim  3  wherein  said  first  reac- 
tive  gas  consists  of  a  silane  and  ammonia. 

30 
5.  The  method  of  claim  4  wherein  said  silane  is 

disilane. 

6.  The  method  of  any  preceding  claim  wherein 
35  said  second  reactive  gas  consists  of  a  hy- 

drocarbon  and  a  carbon  fluoride. 

7.  The  method  of  any  preceding  claim  wherein 
the  thickness  of  said  nitride  film  is  from  0.01 

40  micrometer  to  0.1  micrometer. 

8.  The  method  of  any  preceding  claim  wherein 
said  carbonaceous  film  is  composed  of  a  dia- 
mondlike  carbon  film. 

45 
9.  The  method  of  any  preceding  claim  wherein 

said  substrate  is  a  transparent  pane  for  win- 
dows  of  a  vehicle. 

50  10.  The  method  of  any  preceding  claim  wherein 
said  substrate  is  of  glass. 

11.  The  method  of  any  preceding  claim,  wherein 
the  carbonaceous  film  contains  Nitrogen. 

55 
12.  The  method  of  claim  11,  appended  to  claim  2, 

in  which  the  second  reactive  gas  further  com- 
prises  Nitrogen. 

6 
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13.  The  method  of  claim  6  wherein  said  carbon 
fluoride  is  C2FG,  C3F8,  CHF3,  or  CH2F2. 

14.  The  method  of  any  preceding  claim  wherein 
said  nitride  is  silicon  nitride,  titanium  nitride,  5 
aluminium  nitride  or  boron  nitride. 

15.  The  method  according  to  any  preceding  claim 
further  comprising,  after  the  deposition  of  the 
nitride  film  and  before  the  deposition  of  the  10 
carbonaceous  film,  the  steps  of: 

coating  a  mask  on  said  substrate; 
scratching  the  surface  of  said  substrate 

wherein  it  has  not  been  covered  with  said 
mask;  and  is 

removing  said  mask. 

16.  The  method  of  any  preceding  claim  wherein 
said  carbonaceous  film  is  grown  at  a  tempera- 
ture  not  lower  than  350  °  C.  20 

17.  The  method  of  claim  15  wherein  said  scratch- 
ing  step  is  carried  out  by  dipping  said  sub- 
strate  in  a  fluid  in  which  a  number  of  hard 
particles  are  dispersed  and  applying  ultrasonic  25 
vibration. 

18.  The  method  of  claim  17  wherein  said  hard 
particles  are  diamond  particles. 

30 
19.  An  article  having  a  protective  film  coated  on  a 

surface  to  provide  abrasion-proof  properties  to 
said  surface,  said  protective  film  comprising  a 
nitride  film  directly  deposited  on  said  surface 
and  a  carbonaceous  film  deposited  on  said  35 
nitride  film  and  containing  fluorine. 

20.  The  article  of  claim  19  wherein  said  nitride  film 
is  composed  of  silicon  nitride. 

40 
21.  The  article  of  claim  19  or  claim  20  wherein 

said  carbonaceous  film  further  contains  Nitro- 
gen. 

22.  The  article  of  any  of  claims  19  or  21  in  which  45 
said  nitride  is  titanium  nitride,  aluminium  nitride 
or  boron  nitride. 

Patentanspruche 
50 

1.  Verfahren  zum  Abscheiden  eines  Fluor  enthal- 
tenden  kohleartigen  Films  auf  einem  Substrat, 
bei  dem  zunachst  ein  Nitridfilm  auf  dem  Sub- 
strat  abgeschieden  wird. 

55 
2.  Verfahren  nach  Anspruch  1,  mit  folgenden 

Schritten: 

-  Anordnen  des  Substrats  in  einer  Reak- 
tionskammer; 

-  Einleiten  eines  ersten,  Stickstoff  enthal- 
tenden  Reaktionsgases,  das  durch  che- 
mische  Reaktion  aus  der  Dampfphase 
ein  Nitrid  erzeugen  kann; 

-  Zufuhren  von  Energie  zum  ersten  Reak- 
tionsgas,  urn  den  Nitridfilm  durch  die  ge- 
nannte  chemische  Reaktion  aus  der 
Dampfphase  auf  diesem  Substrat  abzu- 
scheiden; 

-  Einleiten  eines  zweiten,  Kohlenstoff  und 
Fluor  enthaltenden  Reaktionsgases;  und 

-  Zufuhren  von  Energie  zum  zweiten  Reak- 
tionsgas,  urn  den  Fluor  enthaltenden  koh- 
leartigen  Film  auf  dem  Nitridfilm  abzu- 
scheiden. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  das  erste 
Reaktionsgas  Stickstoff  und  Sauerstoff  enthalt 
und  dazu  in  der  Lage  ist,  Siliciumnitrid  uber 
eine  chemische  Reaktion  aus  der  Dampfphase 
zu  erzeugen. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  das  erste 
Reaktionsgas  aus  einem  Silan  und  Ammoniak 
besteht. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  das  Silan 
Disilan  ist. 

6.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  das  zweite  Reaktionsgas  aus 
einem  Kohlenwasserstoff  und  einem  Fluorkoh- 
lenwasserstoff  besteht. 

7.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  die  Dicke  des  Nitridfilms 
zwischen  0,01  Mikrometer  und  0,1  Mikrometer 
liegt. 

8.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  der  kohleartige  Film  ein  Film 
aus  diamantahnlichem  Kohlenstoff  ist. 

9.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  das  Substrat  eine  transpa- 
rente  Scheibe  fur  die  Fenster  eines  Fahrzeugs 
ist. 

10.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  das  Substrat  aus  Glas  be- 
steht. 

11.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  der  kohleartige  Film  Stick- 
stoff  enthalt. 

7 
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12.  Verfahren  nach  Anspruch  11  in  Abhangigkeit 
von  Anspruch  2,  bei  dem  das  zweite  Reak- 
tionsgas  ferner  Stickstoff  enthalt. 

13.  Verfahren  nach  Anspruch  6,  bei  dem  der  Fluor- 
kohlenwasserstoff  C2FG,  C3F8,  CHF3  oder 
CH2F2  ist. 

14.  Verfahren  nach  einem  der  Anspruche,  bei  dem 
das  Nitrid  Siliciumnitrid,  Titannitrid,  Aluminium- 
nitrid  oder  Bornitrid  ist. 

15.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  das  ferner  folgende  Schritte  nach 
dem  Abscheiden  des  Nitridfilms  und  vor  dem 
Abscheiden  des  kohleartigen  Films  aufweist: 

-  Aufbringen  einer  Maske  auf  das  Substrat; 
-  Zerkratzen  der  Oberflache  des  Substrats, 

die  nicht  mit  der  Maske  bedeckt  ist;  und 
-  Entfernen  der  Maske. 

16.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  bei  dem  der  kohleartige  Film  bei  ei- 
ner  Temperatur  nicht  unter  350  0  C  aufgewach- 
sen  wird. 

17.  Verfahren  nach  Anspruch  15,  bei  dem  der  Zer- 
kratzungsschritt  dadurch  ausgefuhrt  wird,  dal3 
das  Substrat  in  ein  Fluid  eingetaucht  wird,  in 
dem  eine  Anzahl  harter  Teilchen  dispergiert 
ist,  und  dal3  Ultraschallschwingungen  angelegt 
werden. 

18.  Verfahren  nach  Anspruch  17,  bei  dem  die  har- 
ten  Teilchen  Diamantteilchen  sind. 

19.  Gegenstand  mit  einem  auf  eine  Oberflache 
aufgetragenen  Schutzfilm,  urn  der  Oberflache 
Abriebfestigkeitseigenschaften  zu  verleihen, 
welcher  Schutzfilm  einen  direkt  auf  der  Ober- 
flache  aufgetragenen  Nitridfilm  und  einen  auf 
dem  Nitridfilm  aufgetragenen,  Fluor  enthalten- 
den,  kohleartigen  Film  aufweist. 

20.  Gegenstand  nach  Anspruch  19,  bei  dem  der 
Nitridfilm  aus  Siliciumnitrid  besteht. 

21.  Gegenstand  nach  Anspruch  19  oder  Anspruch 
20,  bei  dem  der  kohleartige  Film  ferner  Stick- 
stoff  enthalt. 

22.  Gegenstand  nach  einem  der  Anspruche  19 
oder  21,  bei  dem  das  Nitrid  Titannitrid,  Alumi- 
niumnitrid  oder  Bornitrid  ist. 

Revendicatlons 

1.  Procede  de  depot  d'un  film  carbone  contenant 
du  fluor  sur  un  substrat,  dans  lequel  un  film  de 

5  nitrure  est  tout  d'abord  depose  sur  le  substrat. 

2.  Procede  selon  la  revendication  1,  comprenant 
les  etapes  consistant  a  : 

disposer  ledit  substrat  dans  une  chambre 
10  de  reaction, 

introduire  un  premier  gaz  reactif  compre- 
nant  de  I'azote  et  capable  de  produire  un  nitru- 
re  par  reaction  chimique  en  phase  vapeur, 

apporter  de  I'energie  audit  premier  gaz 
is  reactif  de  maniere  a  deposer  ledit  film  de 

nitrure  sur  ledit  substrat  par  ladite  reaction 
chimique  en  phase  vapeur, 

introduire  un  deuxieme  gaz  reactif  compre- 
nant  du  carbone  et  du  fluor,  et 

20  apporter  de  I'energie  audit  deuxieme  gaz 
reactif  de  maniere  a  deposer  ledit  film  carbone 
contenant  du  fluor  sur  ledit  film  de  nitrure. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
25  ledit  premier  gaz  reactif  comprend  de  I'azote 

et  du  silicium  et  est  a  meme  de  produire  du 
nitrure  de  silicium  par  reaction  chimique  en 
phase  vapeur. 

30  4.  Procede  selon  la  revendication  3,  dans  lequel 
ledit  premier  gaz  reactif  est  constitue  d'un 
silane  et  d'ammoniac. 

5.  Procede  selon  la  revendication  4,  dans  lequel 
35  ledit  silane  est  le  disilane. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  deuxie- 
me  gaz  reactif  est  constitue  d'un  hydrocarbure 

40  et  d'un  fluorure  de  carbone. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  I'epaisseur 
dudit  film  de  nitrure  est  de  0,01  a  0,1  micro- 

45  metre. 

8.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  film  car- 
bone  est  compose  d'un  film  de  carbone  de 

50  type  diamant. 

9.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  substrat 
est  une  vitre  transparente  pour  fenetres  d'un 

55  vehicule. 

10.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  substrat 

8 
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est  en  verre. 

11.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  film  car- 
bone  contient  de  I'azote. 

12.  Procede  selon  la  revendication  11  dependante 
de  la  revendication  2,  dans  lequel  le  deuxieme 
gaz  reactif  comprend  par  ailleurs  de  I'azote. 

13.  Procede  selon  la  revendication  6,  dans  lequel 
ledit  fluorure  de  carbone  est  le  C2FG,  le  C3F8, 
le  CHF3  ou  le  CH2F2. 

14.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  nitrure 
est  le  nitrure  de  silicium,  le  nitrure  de  titane,  le 
nitrure  d'aluminium  ou  le  nitrure  de  bore. 

15.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  comprenant  par  ailleurs, 
apres  depot  du  film  de  nitrure  et  avant  depot 
du  film  carbone,  les  etapes  consistant  a  : 

appliquer  un  masque  sur  ledit  substrat, 
rayer  la  surface  dudit  substrat  qui  n'a  pas 

ete  couverte  par  ledit  masque,  et 
retirer  le  masque. 

16.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  film  car- 
bone  est  soumis  a  une  croissance  a  une  tem- 
perature  qui  n'est  pas  inferieure  a  350  0  C. 

17.  Procede  selon  la  revendication  15,  dans  lequel 
ladite  etape  de  production  de  rayures  est  ef- 
fective  par  immersion  dudit  substrat  dans  un 
fluide  dans  lequel  un  certain  nombre  de  parti- 
cules  dures  sont  dispersees  et  en  appliquant 
des  vibrations  ultrasoniques. 

18.  Procede  selon  la  revendication  17,  dans  lequel 
lesdites  particules  dures  sont  des  particules  de 
diamant. 

19.  Article  a  la  surface  duquel  on  a  applique  en 
revetement  un  film  protecteur  pour  conferer  a 
cette  surface  des  proprietes  de  resistance  a 
I'abrasion,  ledit  film  protecteur  comprenant  un 
film  de  nitrure  directement  depose  sur  ladite 
surface  et  un  film  carbone  depose  sur  ledit  film 
de  nitrure  et  contenant  du  fluor. 

20.  Article  selon  la  revendication  19,  dans  lequel 
ledit  film  de  nitrure  est  compose  de  nitrure  de 
silicium. 

21.  Article  selon  la  revendication  19  ou  20,  dans 
lequel  ledit  film  carbone  contient  par  ailleurs 

de  I'azote. 

22.  Article  selon  I'une  quelconque  des  revendica- 
tions  19  et  21,  dans  lequel  ledit  nitrure  est  le 

5  nitrure  de  titane,  le  nitrure  d'aluminium  ou  le 
nitrure  de  bore. 
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